• Irreversible shock associated with acute blood loss is a serious clinical problem. 1-' * Attempts have been made to treat this form of shock with a variety of therapeutic agents including vasopressor drugs, steroids, and plasma expanders. Most popular has been the employment of the vasopressor agents, levarterenol (Levophed) 4 and metaraminol (Aramine), r> which support blood pressure mainly through an increase of peripheral resistance. Opinion is divided, however, as to whether such therapy actually alters the course of hemorrhagic shock. Recent work has indicated that vasopressor substances may be actually detrimental, reducing the already seriously impaired peripheral and renal blood flow. 0 " 8 This decrease of blood flow could well account for the death of certain vital tissues even as the blood pressure is maintained above shock levels by endogenously produced, or by exogenously administered, catecholamines.
A completely different concept of treating irreversible shock has recently received much renewed attention. 0 ' 7t °~1 1 This method employs the use of adrenergic blocking agents to facilitate peripheral flow, in preference to the now widely accepted use of vasopressor compounds to increase blood pressure. Although the use of blocking drugs in the treatment of hemorrhagic shock was first suggested by Wiggers in 1948 12 and again by Remington in 1950, 18 this form of therapy has gone without serious clinical consideration until quite recently. 14 ' 15 Of some concern is the fact that most early experimental studies were done by using the sympatholytic agents as pretreatment in shock, rather than as therapy. The purpose of this study, therefore, is to evaluate the effectiveness of one such adrenergic blocking compound, phenoxybenzamine (Dibenzyline), in the "post-treatment" of hemorrhagic shock at a time when the onset of irreversibility appeared imminent.
Methods
Healthy, adult mongrel dogs, ranging in size from 10 to 15 kg, were anesthetized with pentobarbital sodium, 30 mg/kg. A polyethylene catheter was placed in the right femoral artery and blood pressure was recorded continuously by means of a Statham strain gauge and a Grass polygraph recorder. The left femoral artery was also catheterized and connected with a Lamson reservoir 10 into which the animal could be bled. Prior to bleeding, the animal was given 5 mg/kg heparin sodium. By adjustment of the hydrostatic level, a mean arterial pressure of 50 mm Hg could be maintained throughout the entire 10hour observation period. This procedure for producing irreversible hemorrhagic shock has previously been described by both Lamson 50 and Fine. 17 Changes in the animals' blood volume were recorded hourly as an increase or decrease in the level of the graduated reservoir. Three hours after initial hemorrhage, paired animals were divided at random into either a control or a treated group. The control group of 20 animals received no therapy. The treated group, also 20 dogs, received 0.5 mg/kg phenoxybenzamine as a single intravenous injection. All animals were removed to a recovery cage for determination of survival times. Survivors were those animals still alive 72 hours after hemorrhage. The per cent CO 2 in the expired air was continuously measured using a fine polyethylene catheter with its tip inserted into the endotracheal tube of the dog and with its other end connected to a Beckman gas analyzer. Hourly arterial and venous blood samples were also drawn for determination of O 2 and CO 2 contents. All samples were heparinized and were collected under oil from 59 catheters placed in either the femoral artery or the femoral vein.
Results
During the first three hours after hemorrhage, both groups of animals continually lost blood into the open Lamson reservoir. An average of 10% (range 8 to 12%) of the animals' original blood volume was bled into the reservoir during this time, in addition to the 36% (range 34 to 42%) required to establish the initial blood pressure of 50 mm Hg. During the following seven hours, the entire volume of blood in the reservoir, 46.4% (range 42 to 54%) of the original blood volume of the dog, was recovered by the control group of animals even as the blood pressure remained at 50 mm Hg. This is in contrast to an average of 32.9% (range 28 to 36%) recovered during the same period of time by the phenoxybenzamine-treated dogs. Recovery of blood in the treated group was prompt, 14.1% (range 12 to 18%) occurring within 15 to 30 minutes after the animals received the drug, as compared to 1. 8% (range 0.4 to 3.0%) recovery in the untreated animals. At six hours after hemorrhage the amount of blood recovered from the reservoir in both groups was very similar; 17.4% in the control group and 17.2% in the treated group. From this time, however, recovery of blood increased in the control group and death occurred between 10 and 14 hours in 80% of the animals. None of the control group were alive at the end of 24 hours. By comparison relatively little change in reservoir level was noted in the treated group after six hours, with 18 of the 20 animals (90%) surviving for 72 hours after hemorrhage. The average data obtained from these two groups of dogs are presented in table 1A .
The amount of COo in the expired air decreased rapidly when the animals were bled. Within five minutes after a blood pressure of 50 mm Hg was reached, the level of CO;, in both groups decreased from a control of 5.6% to 3.9%. At three hours the level of COn was approximately 2.7%, after which time no significant change occurred in the untreated group. In those dogs treated with phenoxybenzamine, however, the COo in expired air increased progressively and reached a near control level of 5.13> seven hours after therapy. Average values and their ranges as obtained in the control and treated groups are presented in table IB. Arterial O2 and venous COo contents remained constant or increased slightly during untreated hypotensive shock. In contrast, venous O L . and arterial CO2 fell precipitously resulting in a large increase of the arterialvenous difference in Oo content and an equally sharp rise in the venous-arterial difference of COo. In animals treated with phenoxybenzamine, venous O o and arterial CO 2 increased slowly but progressively and approached control values three to four hours after therapy . Tables IB and 1C present CO 2 in the expired air, per cent total blood volume in the Lamson reservoir, and blood pressure prior to and for 10 hours following hemorrhage is presented.
Discussion
Results of this study show that animals bled until mean arterial pressure was 50 mm Hg, survived approximately three hours without any apparent peripheral pooling or stagnation. During this early period of hypotension, animals appear to undergo intense vasoconstriction and blood is continually lost into the Lamson reservoir. This loss of blood is thought to be the result of an outpouring of large amounts of endogenous catecholamines in response to the decrease of blood pressure. 18 ' i0 Following the initial period of vasoconstriction, generalized pooling occurs and this leads ultimately to a state of irreversibility. This phase of shock has been described fully and is associated with hemoconcentration, acidosis, and renal failure. 20 ' -1 Phenoxybenzamine corrects or prevents these alterations in cardiovascular hemodynamics Results from a typical control and a typical Dibenzyline-treated animal compared as to: CO, (V-A), O, (A-V), per cent CO, in expired air, per cent total blood volume in Lamson reservoir (labelled K Bottle) and blood pressure prior to, and for 10 hours following, hemorrhage to 50 mm Hg. Dibenzyline given three hours after hemorrhage.
by blocking the catecholamine-induced vasoconstriction 7 and the histamine-induced venospasm, 22 ' 2S thereby re-establishing the flow of blood to vital areas of the body. The sharp decrease of the volume of blood in the reservoir immediately after the administration of phenoxybenzamine indicates the marked vasodilator effect of the drug. Data on alveolar CO o and content of O 2 and CO 2 in the blood support this observation. The accumulation of metabolic wastes and the lack of oxygen in the inadequately perfused tissues is reversed, relieving the severe detrimental effects of prolonged "stagnant anoxia." Flow increases through the now dilated capillary beds resulting in a re-establishment of tissue metabolism at a nearly normal level. It is to be emphasized that these changes occur even while arterial blood pressure remains at 50 mm Hg. These findings are consistent with data obtained in experimental endotoxin shock in which increases of both renal blood flow and survival have been shown to occur with this same form of therapy. 8 
' 24

Summary
Results of this study show that 18 of 20 dogs survived prolonged periods of arterial hypotension when phenoxybenzamine was given to maintain adequate flow to the vital tissues of the body. This drug was used in order to block the catecholamine-induced arteriolar vasoconstriction and the histamineinduced venospasm. Reduction of peripheral resistance results in an increased perfusion of the capillary beds and a correction of O 2 and CO 2 tensions at the tissue level. One must emphasize the need for adequate fluid replacement, with this form of therapy; otherwise the marked vasodilation which occurs with phenoxybenzamine might result in an inadequate circulation, even as the resistance to flow in hypoxic tissues is eliminated. 
